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A IJst ract

AIJalys(w  I)aso(]  011  iI’J’a(lid IlC(>  0])S(’1 vatio  IIs fl’ol]l :j)a(’(’ witlli]l (11(’  laSt  011(” ~11(1  il llilll

d(’ca(lw  l)il\’(’  discov(’rc(l  variatio]!s  ill 111(’  r]]ti]c  solal s])cctrlllll  all(l :1( I)\’ Wiiv(’l?ll, gl 11S 011
tiIIIQ sc:il(s  of IIlillut,(’s t o  dccadcs.  AltlIouRII  c.oIIsi(l(,  Ial)l(:  illfollilaiioJl  lIas l)CI(~II  ~atl IcI(d

OJI t]I(I ()]Js(II’vc(l  irra(]iall(’(’  cl IaTI~(!s, it h?l S b(TOJll(’ (’](’al”  t]lat tll(’1”(’  iS a l’CSidlJii]  il’l’:ldi:lll(’(>

varial)ility  llIat i s  JIOt cx])]aincd I)y suJIs])ots,  ])llc)los])ll(:li(  fa(:ul:i(,  aJI(l cllroJ[loslJll(’li(”

])]a~(%,  a n d  t]l(:  IIl+!,llct,i(’ 11(’tWJ”k. ]Icca,use  of tlI( la(k o f  [jllal!tit:[tivo  ])]lysical  JIIIJ(I(]S  of

tlIc sola  I r a d i a t i v e  (~IJt]Jul,  tllc cuIIwIl  irra(liallcc “ill  OdC]S” !I:!VC i)(’(’11 dCV(’]O@  With :1

sill~plc  lill(~a.r  rt~grcssiol) analysis  wllicll  i s  IIOl ca.])ai)lc  of(listillp;[lisllill~  1)(’lwccII  }wiodic  01

scasoIIal  ilradiallcr  col Il])ol IcJIts  aJId t,llcir  (!l IOJ-tCIJIIS. ‘J’llis  ])a])(’I  cslirliatcs  tlI(I (l(JgI(’(’  o f

Sigllijical}cc  oft]Ir  oi)scJ”vd  variations ill  so]ar  total aIId lJV iJ’ca(lia  Jlc(% and t]l(’il’ JliagJl(’tif’

sIJr Jo~at,(Is  aIId to ]Jrovid(’  ir]adia,]lcc  csti]natvs  hasd  CJII i,l  Ic s;gllilicalli  solar  col Ij])oJIrl  Its.

III t h i s  ])art  of tlI(J pap(JJ  (1’:L]wI 1 )  tlIc Jmults  o f  (JIror  distril)l]ti{)]ls  (l)otlI  illstruJ]i(lltal

aIId s o l a r  IIois(l)  ill s o l a r  ;cJadiwicc  a~)d ;ts RJounrl-lJase(l  suIIO1:at(Ls  arc ])rcscJlt(d.

- ..—
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1. Introduction

IJor IIIOIC tjlIarI  OIIC aIId a IIal{ dccadcs,  solar  irradiallcc  (hotlt  Iwk)lllrtric and ai, difrcrmlt  w a v e

lcltgtlls) IIas IX!c]l obmvcd  frwm diflcm~t sa t e l l i t e s . ‘1’llcsc illadiallcc  olmrvatiolls  lcd to tlhc

cliscovmy  of clla]]gcs  ill solar total and lJV irradiallccs  ()]]  till)<’ scales ftoln lninutcs  to clccadcs

(C.g. IIudsol)> 1 988; l,cal), 1 991),  It l)as bcml s}low]l  that  tl}c solal  cIIcrgy  f[ux valics ill palall(!]

wit]) t he  solar lnagl~ctic  activiiy  (:yclc,  being higlm duril)g  II]axilllu)l] solar ac~ivjtly  co]lditiol]s.
‘J’]Ic  10IIg-t,CIIII  ilra(]iallcc  variat ions o\7cr t,l Ic solar  cycle  am aft ril)llt(xl to tllc  cllallgillg  clllissioll

of I)rigllt, i’aculac and tl)c  ]llagllctic  IIctwork  ( e . g . INN),  1 987). ‘111]( sllo]t-tcrl]l  va r i a t ions  (01)

tl]c solar mtatiol]al  ti]~lc sczdc) in lJ\~ ivadial)c.c arw rclatccl  10 tllc  l)rigll( plagcs  as t,hcy CVOIVC

and ]twvc  across tl]c  so]a]” d i s k  (l JCarI , 1 9 8 7 )  al)cl to a ICSSCI cxtclltl to tllc hrigl]t  lnagnctic

IIct!wolk  (1%])  Ct al., 1 990). ‘1’hc sllolt-tclll]  varial~ility  c)l~sc]v(d ill t}]c clltirc solar  flux is lnorc

CO]]I1)ICX  and i t  i s  prilllarily  dctcr]llil]cd  l)y tllc colnbi  IICd cfl’(cl  of dark sulispots  and  b]iglit

faculae (Wi]lsoll  ct al., 1981).

Alt,l)ougl]  collsidcrablc  il~foln)atioll  exists 011 solaI  i] radial)(c  varial)ility,  it l)as I)(!co]nc clear

that  not all Ll)c obscnwd  ilradiallce  cllallgcs  call bc cx})lail~cd  l)y sullslmtjs, f acu lae /p lagcs ,  and

t,llc  lnagllctic  II CtlWO]k (c,g.  l’ap aud White, 1 994). W} I ilc tllcw is a mlsollabl  y good agr(!cnncll~

MWCCII  IIICaSUd  tmial solar’ al]d UV inadiallccs  and  Lllci] II mlcl cstilnai,cs  c.alculatccl fmrn

olmrvatiorls  o f  dark sunsl)ois  tnig] It IIlagnctic  fca{jurts  dulillg  tile  dcclillillg  lmltioll of solar

cycle 21 and illc rise of so]al cycle ’22, tllcm is a bmakdowll  lx:t\vmI  tlIc observed aIId  modcllcd

irradiallcc va lues  during  lltaxi1mln3  arid lnillil]lutn  sola I activ;t~  colldil,  io~]s. IL IIas hcml S11OWI]

tlllat t,llc ]]mlcllcd  total  iuadiallcc  values lll]dcl(stilllat~:  t,l)c ol~son’(xl  cllallgcs  at, tllc lnaxillmrll

of solar cycle 21 (] ’’oukal  al I d 1 ,cal  I, 1 9&S; Willson  arid lluclsoII,  I 991) and solar  cycle 22 (1’.31)

c!tj  al!, 1 994; 111’alldt  ct al., 1 9 9 4 ) .  11] tllc case  of lJV irradiallcc, tl[c ir[adiallcc  IIIO(ICIS  ca{tltotj

accoulti  for 1,11(~  slow dccrc.asc  in (JV ilradianc.c during  solal lllilli]llu[~l  activity  conditions. Wllilc

IImst of tl)c  solar il]diccs  show a flat  solal l]lillillmll~  I)ackgrolltld  varial)i]ity  bctwcml  1984 and

1987 ,  I,IIC IJV inadiallcc  slowly dccmascd towards 19N6 and  started h rise wit]]  tllc  gmwillg

activity of sola T (’j~clc  22 in carlj’  1987 (lhtncl]y,  1 989; lhIllI  (’t a]., 1 989; IJa}) CL al., 1991 ).

ltIll{llI(:IIII  OIC, tl]c  “rwllrril]iTlg palt” of tl)c  ilra(liallcc power s})(~ctr>a  after mljlovillg  tllc c{lcct of

sullsj)ot,s al}d lnigllt  lnagllctic  fcaturu , i)]cludillg  faculae, plag(’s  and tl]c  mag]lctic IIctwork,  has

]x:aks arouIId  9, 13.5, 27 arid 300 days (1’’v5hlicll and  l’ap,  1989; l’al) arid l“rolllicll, 1 992; l’a]J,

1992),  slid  {IIC aJnplitudc  of this msidua]  var-iability  dc])cIIds  011 illc l)liasc of tllc solar c y c l e

(I’s])  and l“rtililic.11, ] 992).  It has not, lxx]] c l a r i f i e d  ]’ct wl)ctllm  t]]csc discmpallcim  bctw’ccn

tllc olxmvcd al]d t a l c .u la tcd  irradiallcc data arc sinl])ly mlate(l to IImasuring  urlccrtailltics  (ill

l)otll irradia)]ce  al]cl glollnd-l~ascd  surro~;atcs)  or i,l]cj c}laraci ctim: a ma] solar va r i ab i l i t y  that

lnay bc related to glolml cf[cctls,  sue]) as large scale IIlotiolls  (I{il)cs  ctl al., 19S5) o] photospllmic

tlt:l]lj)(:l’iltllllc  cl)allgcs  (I{uIHI ct a l . , 1 988).  (Jollsidcrillg  t h a t  t IIC ladiaiivc  Outll)utj of  LIIC SUII

is I,IIC ll~aill  driver  o{ IIIC IJl]ysical  IJNX:CSS(!S  ill the l{k~tth’s  at ]~iosj)llcrc  arid its clilnatc  S<yst{!rtl,

tliis  ~JroblcIIt  ltas bccol]]c  ol]c of t,l~c most iln}mrhrlt  issues ill solal-i(:llcstlritll  physics. IIcsidcs
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tlic cliIIIat,(~  il]]])licat,iolls of sola]  v a r i a b i l i t y ,  tlIc  allal.ysis o f  iilllc  cmmlatioll  MWCCU] solar

ilradiallc.c and variolls  solar ]xwalnclms oflms a~l add i t iona l  100]  for studyil]g  tli(~ ul]dcrlyillg

physical  ])mccsscs  ilisidc  tllc SUII.

IIccausc  of tll(:  lack  of qualltitfativc p})ysica]  l]lodc]s of solal irladiallcc, tlIc  currmlt ]]]odcls,

dcvclol)cxl wit]] lillcal  mg;mssioll alla] yscs,  l)mvidc o]lly a gc]lfra  I in f’orlllatiol]  011 tl}c obsmvcd

irradiallcc  val’iat]iolls.  IL l)as l)ccll  slIowl  I tll.att tl]c  Lillle  s e r i e s  of so]a]  irradiallccs,  f~it}lcr  spac,c-

boll)c  01 S]olllId-1.):Ls(!Cl  sllrrogatm, can bc lc!galdcd  as “(l]scLl(l[)- ]J[:lio(li(:’” signals  with  variahlc

s]mhal pm]mtlim  ( e . g .  cl]allgc  o f  ]miods, .311i])]itudcs,  and l)llascs)  (I,call  al)d l{clmff, 1987;

l“rtilllicll  and l’s}), 1989; l’ap ct a l . ,  1990a; 130 UWCI, 1992). ‘1111(  (lllI(:IItlyllsccl  clllpirical  IIlod-

cls dcvclopcd  w i t h  lil)car  mgmssioll  .wlalyscs ca]]l)oi distil]g(lisll  bctwccl)  jmiodic  m scasol]a]

irradiallcc  co In]mI(utts  al)d al) mJwI-kmII  clcxcribillg tllt~  cssmltially  ]a]idolrl  fluctuatjiolls  of tlIc

Lilllc  smics  almut LIIC t,ml)cl  and scasona]  coIn]Jo]IcIIt,s (1’ricst]y,  1993). IIlstcad  o f  astalldard

mgmssiol] IIlodcl,  sl)ecial  tmcllniques  am mquimd  t o  d(:tcrlni]lc  (IIIC s])cctral  pm])crtlics  o f  tlIc

illv(!stigatcd  tilllc series. llowcvt:l,t l]clllostc  o]IIl IlolIlyIl sc(lsj~t:ct,]<]l  :Ill?llysis(  tll(!lpollri[:lall  al-

ysis  of  tl)c  WIIOIC data set) call })mvidc IIlislcaclil]p;  illfoll)latio]l  sillcc tllc l~oulicr  t r a l l s f o ] ’ i n

COllv[!lis  tlllc  wlIolc signal  to t,hc fmqucllcy  dolllaill  w i t h o u t ,  savil]~;  t}lc local hcllavior  of tjhc

tillw series. A  lt!lativcly ncw tcc+l]iquc:  c a l l e d  wavc]ct  alla]jsis  l)as lJCCJI dcvclo])cd  to study

{Illasi-])(!l”io(lic  0] tilll(:-valj~illg  Iilllc  series as a lillcm” sll]~clj)osiljc)li  of clcl])c])tary  basis  ful]c

tiolls  -Il)c  wavc]ct,s- that  am l o c a l i z e d  in tlinw and  frc(lucllcy  (Sca@c, 1993). ‘J’llis  tcclllliquc

l]as allcady bee]] a])plicd  tostucly  cllallg<!s  ill t,llc solal radius  (\)igouroux  and IIclacllc, 1993)

and tfllc mlaiivc  sulls])ot  llu]llbcr  (Vigouroux  and l)cla(llc, 19\ M).

‘1’llc l)asic  qllcst,ioll to bc addressed ill t}]is l)a])cr is tlIc d(:grce  of siglljficallcc  of I,llc obsclvcd

v a r i a t i o n s  i]) solar t o t a l  allcl  lJV irradiallccs  ils WCI1 as ill tllcil  surmgatcs IImisuring  so]ar

lnagllctic  activity. III order  to illtlcr])lct  tllc )csu]ts gaillcd  [’]0111 xmious  Lyl)cs o f  s t a t i s t i c a l

anal. yscs,  it is cssrlltlial  to ulldmxta]lcl  and  cvaluat,c  tlic  ~lnccrtililltics  ill the data.  ld[!litificatioll

o f  ralldolll  clmrs ill tllc data scl, s })mvidc all ilnport,alll, clu(l  to cstilllatc  tll IC sigllal-lm-llojsc

]’?ltio a n d  1,() C]al’ify  W]l(>t]lC1’  t}lCO1.)MYvCd  Mll:ill  1’(~sidUal  VN’j~l]Ji]jt~jll  S()]al’ jl’~adjilTlC(2jS  Sjlll])].y

dctcrlllillcd  l)j~ a IIoisc coln})o]]cllt, ill tl]t! dat,ti  01 wl)c:tltc] it clcar]y  rc~)mscllts  a  rca] solar

valial)ilityc  0 1 )  tjl IC ot,l)cr  hand, ill stludyillg  lo IIg-tc MI] inadialic~~ valial)ilitim,  tll)c slIort-tcNI]

solal” cl) filtgcs (Icss tlla]l  I,llcsolar  ro{, at,iol~  pcrio(l)  call also  Ijc](galdcd  as ‘$loisc” ill thcs]miral

“1all{] ysis. ‘J’llc  (Iollcs})oll<lillg;  results o]l the cnoy distribution  (I)otl)  illsl,lulnclltal  and sola]  IIoisc)

of solar irradiallcc and its gmulld-bascx]  Surrogallcs arc (lcscrib(yl  ill tliispapcl.  (tllcmaftcr  J)ap[!r

l), f[)llolvjllg  {lllc:l.)asici(  l(:aof  Vig()lll()llxzil  ldl)(:lacllc(19  f)4). llltll(:  sccoll(l ])alt,(  l’a])(:l]l)t]i(:

msulis of a tilllc and fqucllc.y zulalysis with tlic  wavc]ct  txdllliqucw ill h.prcscntcd.  Sillcc tllc

wavclct tlallsfol’111  js Ca})al)lc  of Ldiillg  cal’c  of Ill]cqual  error I)als  dctcrlniJlcd frolll s t a t i s t i c a l

J)m]wrt,ics  of tlllc  data, IIIIC i]lvcrtcd wavclcl, I,rallsfonlls  will ])loI’i(l[:l)(:ttcl  inadiallcc  cstilnatcs

based  011 tllcsigllifica~lt,  solar cmll}mncllts.



Z Description of the data

‘1’otal  solar inadiallcc,  the i]llcgratccl  solar  f lux ovm III(J CIItiM so]at s]mctn]lI],  has  bcc]l lnca-

SU 1’<!(1 fIwJ II space foI’ OVC1’ a dcca(lc. ‘J’l Ic (limct  space c)l)scl\?IiioIIs  of total s o l a r  irradial)cc

bcgaII ill late Novc]])bm  of 1978 Ly the lbth IIadiat,ioll  1 ludp~:t (}11{11) cxlmrilllclit  011 lxwd

the Ni~l~bus-7 satellite that was tm]l)inatcd  ill ,Imlua]y  of 199;]  (Kyle ct al., 1993), ‘1’IIc 1;1{11

cxjmillwllt  was  a l]]ultipurposc  cxpcrimcl)t  that  illcluclcd al) e l e c t r i c a l l y  s(:lf-ctlliljlatillg  ac-

iivc cavity  radiolllctcr  wit]) al) cstill~atcd  at-laul]ch accllracy 0[ -t / - 0 . 5 %  (llickcy  ct al., 1988).

IJilllitatio]ls  im]mscd  oll t h e  l’;l{li solar  obsc!nwtiolls  by tlltc ;tlwcllcc o f  solar pointing  o]t tlIc

Nilnbus  platfo]]l)  sustained a IIoisc  lCVC1 ill Llic 1;1{11  N!sulis wllicll was estilnatcxl  as - t  / -0.03%
(Iloyi,  ct al., 1992) and this low precision illhihitcd  tllc  mcx)gllitioll  of i)ltrillsic  solar  variahi]ity

until  sulmx]uc]lt  dckxiion  by t,hc Active Cavity l{adio]nck’r l~radiallcc Mo]liiori]]g  (ACILIM)

cx]milllcllt  oIi lmard tl)c  SMh4 satcllilc  (Willsml  cl al,, 1981 ). ‘J’hc IIigll prccisio]l  imadiallcc

observations of tllc SM M /A CIUhl 1 radio nmtcr sta]tcd in 1’(’1 )ruaIy  1980. 1 )uril]g  tl)c  fi~st 10

II IOIItl  IS of t])c ACltlhfl  obscrvat,io~ls the mcasun]Ig  ~)n:cisjon  was so lIiglI (+/-0.002%)  t}]at cacl]

ol~scnwd  cvc.llt  IIad a solar, l’atlicr  illan an i l l  S t  l’Ulll(!lltjill,  origi]l (Y1’illsoll,  1 984). 111 IIcccnllm

1 9 8 0  tl~c so]:ll-])oilltillg”  systcln  of il)c  Sh4M satcl]itc  failcxl  al)d it ~vas placcxl  into t}lc  so-callml

‘(sj)i]l-]]~<)(lc:”.  l)ur;ltg  illis  olmatiolia]  J]mlc until May  1984, WI](JI  tlIc  Shlh4 was qmirccl  dllrillg

a Space Shut, tlc h4issjo]l, tllc ]]m~suri]lg  prccisio~l  (lc(;]c~lscd  by alx)ui  a factor of 5 (froIIl  0 .002%

1984 ). Aflm h~ ay 1984 tllc original  I] lcasurillg  ])rccisioll was mstxncd  a]ldto 0 .01%)  (Wi]lsoll,

L]IC oligil)al  IIigh quality AC]{] M 1 total irraclial~c.c dat;] were collcc{,cd tlllougll  Novc]nbcr  19S9

WIICII  tlIc  opcrat,  io]l of the SMh4 satellite was tcrl)lil~ated.

ljxtcllsivc  lllcas~llclll(:llljs  o f  I,IIc solal  ultllavio]ct  ilradiallcc IIavc l)[!cJI IIladc }Jy tlIc  Solar

IIackscattu  llltraviolct,  (Sl]lJVl  ) cxpcrilnmlt  o]I the Nilnbus-7  s a t e l l i t e  bctwwcl~  160-400 )1]11

froln  NOVC]IIIW 1 9 7 8  tll muglt  1987 (Sclllcsingm  all(I (k: bula, 1 992; Ccbula ct al., 1 994) and

b y  tllc NOAA{) aIId NOAA] l/Sl][JV2  i]lstru]rmlts  siIIcc ]f)$b (]) O1lllC]]y,  ] {)9]; ]hlJIC]]y  Ct

a l . ,  1!)94). ‘1’lIc ratio  ill tlie c o r e  o f ’  L})c Mg 280 11111 lillc h tlIc irradial)cc  at t,llc  ncigllbori]lg

coIIti IIuul  II wavclc]lgt]ls  (Mg  11 1] & k core:-to-wrillg rat  io) IIas I)IOVCCI  to bc all accurate  index

of  sola I (IV vat’jal)ility  (Ilcat)}t a]td $klllcsillgcr, 1986). ‘J’hc Ni]))bus- 7 and  NOAA9 h4g com-to-
~,jllg l,tll,jos  (h~g C / w )  WCM: llladc {:olisistcl)~  I)y lr]ca~ls of t,ll(ir ovcr]a))])i]lg olwc]’vatio]la] ~i]]l~

l)eriod  ill 1986,  alId also I)y Il)caIIs  of tlIe  full disk (;ii 11 1{ ill(lrx  (I)ollllclly,  J 9!21 ). in order

t o  dimcll.y  COJ]]]MIC  tlIc  variatio]ls  i]] iota] solar  ina(liallcc )vitll tl]c  cha]lgcs  i]} I,lIC IJV f l u x ,

tllc cfrcctj  0{ sulls]mis  IIavc bcc]l  mnovd froI II total i Iladiall(c  by ]nca]is  of tl)c  l’llotwm:tric

SuIIspot  llldcx  (lludsoII  ct al., 1 982; IOolilic.h  ct al., I 994). ‘lllIC l’hot,olnctric  SulIspot  lrldcx

(l)S1) relates tl)c  okrvcd  sunspoi  areas a],d their col,tlast  to a IIct dl’cct  on tl,c rtl(liativcollt})~lt

of tlIc obscnwd  solal }Ic]nis])llcrc and it is cmrcckxl  for the l)llot  osl)llcric  li]nb  darkening.  ‘J’IIc

origi]lal  l)S1 ful]ct)io]]  (l Judson  et, al., 1 982) was calculated oII t}ic  assulllptiorI  I,]tat  the arm and

t,(:]]l])c]zltl]]c:  ratio  of tl]c  umbIa  and pcnun]bra  me co]]sta]lt  aI Id t llrrcforc  IIIC l)S1 fuI]ctioI] w a s

calculated 011 IJIIC l)asis  of a col]stallt  C.olltrast value of sllllspotls  (details 011  tllc  calclllatioll  of 1’S1
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IUgul’c 1: ‘1’IIc daily  II ICaII  values  of tl)c  SMM/AClll  M  1  total solar  irradiallcc  a r c  ploitccl

togctl]cr  wit]) their stal]dard deviat ions (a), “1’IIc standard  dc\iatioIIs  vcmus  tltc daily AC1{l M

1 data arc givcll  ill (b).

am gi vw 1 by 11 u dsol t ctl a I., 198’2 al)d Frohlicll  Ctl al., 19!)4). IIowcvcr, l’(!slllOs  of tllc  phokmlctry

of sul]sjmt,s lIavc  dc]]]()]]stjl”~lt)(:d  ilIat the co]ltrast,  of suIIspots  is 1 Iot a COl IStlalIt value: it cl IaIlgcs

as a full ctiml  of tlllcir  area (Stcincggcr  ct al., 1990)  .aTId the M)lar cycle (h4altl~y  ct al., 1986).

IIascd 011 tllIC results of pllotogra])]lic  plIoto]n(:tIy  ])ul)lisllcd  l~y Stcil]cggcr  ct al. (I 990),  tltc

1 ’ S 1  ful]clim],  used ill tl)is study,  lIas lJccII rccalculat(d  by l“rtilllicll  d d. (1 994).  SiIlcc tllIC
solar l~lagll(!tic  activity is assullmd  to bc th~! dlivillg  for(c for illacliallcc  variabi]it,y  (e.g. IIwvcy,

1 9 9 4 ) ,  t,lIc full disk lnagllctic  fll]x lllcasumd at tll(!  Nat iollal Solal  (Il)scrvatoyy  at Kitt l’cak is

iI)cludcd  ill our a n a l y s i s  al)d it has  l>ccn  dircctl]y co]n]Mrcd  to tlllc irradia]lcc  data.

3 Time series and their uncertainties

3.1 Study the daily standard dwiations of total solar irradiance

‘J’IIc SM M /A Cl{] h4 1 daily mean values m)cl  t,l]cjr st:IIIdaId  dcviatio]is  (tlIcIcaftcI S’1’1 )) arc

p lo t t ed  ill l’ig. 1 a for 111( I t,il~)c  intmval  of 1980 to 1989. ‘J’hc S’1’1 ) of t}lc  Shlhfl/ACl{lh4  1 data

vcmus  Illlcir  claily ]I]calIs am plcsclltcd  ill F i g . 11>. A s  ca]l lx! SCCJI  fm]i Fig.  1 a ,  total solar

irradiaflcc  co]ltlil]uous]y  dccmascd frmn  tJIc ]I]axi]]m]]  I of solar cycle 21 ( 1 980) towards solar

l]lilli]llull~  and started to rise ill (’ally 1987 wjill  tlIc  asccndjll~  ])llasc  of solar  cyc.lc  22 (Wjllsoll

alId 11 udsoll,  1 988).  ‘I’l Ic illcrcascd mcasul’i]l$; ullccrtai]lty  dllrj[lp, t)lic spill o}matio]lal  II IOdC

of t,l Ic Sh4h4 satellite is cl(!arly SCC]J in Fig 1 a. III o r d e r  to stll(ly  tllc valjabiliiy  of S’1’1) ill
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l~igum 2: ‘J’l)c  staIIdard  dcvialiol]s  of tl)c  A(~l Uh4 1 {Iai,a VIISUS tlIc d a i l y  ilradiar~cc  v a l u e s

dul’illg tlllc  II OI’IIIal  o]matiol]a]  llwdc of the  satcllitlc  al c plottjcd  ill ( a ) ;  t}]c salllc  is sllowll  for

t,l)c spill opmatiollal  lI]odc  (b).

]tmm  dclmil, tltc lm]~tal  o]wratim]al and spin -]]mdc data IIal’{’ Im:]l  scparakxl  md their  S’J’] )

IIas lxx:])  ])lottcit  against the daily llmall values ill IFig. %,1), mslmctivcly.  \Vllilc  ]Io particular

stmIctuIc  call bc SCC]J ill illc c a s e  of the  s])ill-lllodc  da~a (1’ig;. 21)), tllc ACIUhJ  1 data dulillg

tlic ]IoYInal oplat)ional  lnodc (l’f ig. 2 a )  form  a cmta ill patter]) o]] tllc  scat,tm  plot cliagralil

of tllcir  standard dcviatimi.  Most of tlllc irradiw)cc  vii lucs alr c{~l]((~lltlatjc(l  bclmv 0.05 W/7772

S’1’1),  wl)cmas  il)c  outlim  fro])] that lnain  clustm  (SrJ’1)>0.05) tcIId 10 be distril)uicd  amulld

two vcriic.al  lillcs.  AI~otlIcr intcrcstillg  fcatum o f  l“ig. 2a is tllatl tllc  standard  dcvia,tion  l e s s

tl)a.rl  0.05 M~/?r12  illcmascs wit]) tlIc i]lc.masing  daily  mca]i  values of total  irradial]c.c.  ‘1’hc higllcr

irvadiarlcc values m])]wscl)tl  lnaxillmltl  solar activity cotlditiwls, l\IltcII ((Jltsj(l(:lz)l~l(:  c.hangcs am

obsmvcd  ill total inadiallcc  wjtllil] a day  duc to LIIC forlnatioll  and  cvolutiol]  of big c o m p l e x

active rcgiolls. IIcc.ausc  of tllc larger daily ilradiallcc variability, tllc  standard deviation of tllc

d a t a  js IIigllcr tlllall  duli]lg  lninimull]  ac t iv i ty  collditiolls, M’llml only  a fcw and  slna]l a c t i v e

rcgiolls  occur  01) tl]c  Sun .

‘J’o f[llt,llcr  ilivcstigatlc  t,ltc  pl]ysica]  Ilat,um of  the  l)att)clll <)bsclvcd  in the  IIolinal  l~lodc of

ACl{lhJ  1 data, tllc quid-  allcl  act ive-Sul)  irradiallcw  values  all(l their stalldald  dcviat,iolls  liavc

kc]) S(q)al’at!cd  . ‘~’11(: quiet- Sul I ir~adiallcc  values hal.c  lxml cllooscll for tllc til IW illtcrwal  of

July  1, 1 f184 to Scptmnbc]  30, 1986, when total solar’ i rradial]cx: sltowcd 0111 y a sll~all  variability

around  its IIlcall va]uc,  ‘J’IJCTW ~vas arl obvious dcclilm  ill so]al  activjly  ill July 1984 al]d aftm this

tjil~)[!  O])l<y sll)all sunspots  occumx]  o]] tile Sun . Altllougli  tl)c  IIlagllctic,  solar  lnillillluln  occumxl

ill Scptlcllll)c]  1 9 8 6 ,  ill oc.tobcr large  ac.tivc mgiolls , already  I)(:lo[lging  to sola~ cycle  22 ,  were
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l“igulc 3: ‘J’lIc  stAIIclad  dcviatio])s  d the nmmal  opcratim)al  IIIOdC  of AC1{lM I data vcmus  I}IC

da i ly  irracliallc.c  values duling  solar  minilnulr)  am give]) ill (a). lli (1)), t h e  plot indicatjcs  lrllc

data wit]] S’1’1) less tllall  0.06 W/7n2. (c) shows t}Ic S’JII)  agai]w{ tl)c  daily  a,ctivc-Su]\  i**aclia*]cc

v a l u e s .  ‘J’lic vcrtica] lill[!s  q}mscnt  tllc )))cal}  irradiancc  valu(:s.

for]]wd  01) tl]c  SUII al]d c.auscci  significant  v a r i a b i l i t y  in botjll  UV alId total solar  irradia~lccs

(I)a]) ct al., J 990b).  lmadiancc values bciwccn l~cbmal  y a]ld lkxxni)bc]  1980 and a{tcr  octobm

1, 1 tltl[i  IIavc been idclllificxl as active Sun  values i)] this pllasc  of’ 01]1 St)lldy.

‘J’IJc scat,tcr ])lot diag;raln  of {,IIc quic+Sull  irradial  Ic,c valu(s  al)(] tllcir  stlalldard  deviations

alw ]JmC]ltlCd  ill l“ig. 3a. ‘J’hc vcltica]  ]illc rcplcmlts  tlic  Illcall value of tltc  quiet-Suit in’adiallc(!

(1 367.07 VV/?n2).  l“ig. 31) co~isists of a particular’ ]mrt  of tl)c  quiet-Sul] data with  S’J’]) s]nallcr

tllall 0.06 w/?//2 . h40st of tl)csc  daia ]mil]ts  (74 .3%) am co]lcc]lt  rat,cd l)ctwccI~ S’1’11 0.004 zmd

0 . 0 0 5  LV/Y~t2  and these  IIumbcm  cssmltially  m])mscJIt  the ilitrillsic  pmcisiol~  of tl)c  ACIUM 1

data (col”~cs]~oll(lillg”  to ().0004 ’70), in a gooil agrccmcni  with  tll IC l)lll)lisll~(l  valll~ for tll~~ avc~agc

lll~ccrtaillty  of tllc AClil M 1 data (l)cttcr than - {  / - 0 . 0 0 2 % ;  PVillso]l,  1984) .  ‘1’llc stmc.t,urcs

see]]  i]) IJig;s. 3a, b rwpmscllt  a Gauss ian  distll’ibutioll of tlllc dal a around  t,llcir  IIlcall  v a l u e .

Sillcx:  dulillg  solar millilmllll  0111j7 sJI)all  va~ial)ility  is obsmvcd  ill lo{al irradiarlcc,  d a t a  points

almvc  0.01 FV/tl/2 S’1’1) Ycp]csc]ll  Il)c ralldmll  noise ill tjltc  data. ‘J’)Ic active-Sull values and Il)e

col’1(’s]){)ll[li~lp;  standard  dcvial,ions  art! plott,c(]  in l“ig. 3c all(l t hese  data show a  very  silllilal

]Mi,tmv) to tl)at seen  ill l“ig. 2 a  (data poillt,s  Jl]oltc(i for tllc  who]c l~o~lna~  olJclatiolla]  ti]nc

illtcrval).  Nalllcly,  data points  with  Srl’l) la]gm thal)  0 . 0 5  arc a~ain  distributed amulld  two

vertical lillcs. ‘1’l]c first ve r t i ca l  lill(! is clrawll  at tlIc  IIIUIII  ilradiallcc va lue  (N4 = 1 3 6 7 . 3 6

M~/TI~2)  for tllc rising  ]Jortio]l of solar cycle  2 2  bctwccnl Octolx:l  1 ,  1986 al)d Ju]]c  2 ,  1989,

IIIC end of tllc A(;l{lhfl  1 d a t a  sci. ‘J’]Ic  SCCOIId vc,tjca]  ];]]( Iq)rcseIIts  t]Ic IIICaII jrrac]iallcc
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l“igum  4 :  ‘J’lic d a i l y  Iman va]ucs  of tlm Nilnl~us-7/111{11  total irradia]lcc  with  t}lcir standad

dcviatiol]s  (a). ‘1’l)c collt:s])ollclill~  scaticr plot diagralll  bctwcetl  Illc S’1’1 ) al)d i] ’radiallcc  values

is  plot ted ill (l)). ‘1’llc sc.attcr  plotl  ill (c) Yeprcsmli,s tl)c nlillillllllll  of solar  cycle 21.

value for tllc maxin]llll~  of solar  cycle 21 ii] 1980 (M =- 1368.35 14’/?J/z).  ‘J’l]csc  two distril~utiwls

m])mscl)t  ]]wst  closely Gaussian distributiol]s  and  tlhcsc data (S’J’1)>0.05)  call again  bc mgardccl

as Ja]ldoll]  flllctllatiolls  ill the data.

‘1’IIc da i ly  Nil~~l.)lls-7/l’lltlj  irradiancx TWIUCS  with  tl~cir  stalldald  deviations  arc l)rcsc~llcd ill

1~’ig. 4a.  ‘J’l]c  l’;ltli  S’JII)  v a l u e s  vm+us the  daily  mcalls  MC sllowil  irl l’ig. 41). As  caIl lx SCCII

fIxm-I l~ig. 4, tllc ~ll]c(:lti]illty  of illc Nimbus data is llluctl lliglior tllall that  of tllc  AC1{IM 1 data

duc  to t,llc  lack of a solar poilitillp; ])latforlll  and the lilllitcd  IIIIIIIIXI of o}~scrvatiolls  (Ilickcy ct

al., 1988). Vv’liilc ill tllc case of IJIC IIomlal  opclaticm  o~’ {I]c A(~li IM m~m]il]]c~lt  n]om  IIIa  IJ 800

observat ions wcm  iakcll witllill  a clay (FVillson, 1984),  the l’;llll  cx]wrilllcllt  l)acl  a 3-day-on and

l-day-off  o]matiollal  IIlodc t,lllougll most of its o]mat,ioll  Mid tllc  IIUIIILC]  of obsmvatiolls  was

linlitcd  to less tllall  a dozcll  ]m day (Ilickcy d al., 198S). ‘J’11(: NjllllJus-/ltlUl  irradiallcc  vducs

do IIOt SIIOW tllc ]mt,tcr]l SCCII  in tlIc  case of tJIc norlna]  Inodc  01’ ~l(~l{lM data, i]lstcad  tllcy  for]]}

a l a r g e  c l o u d  aIId tllc dat,;L  am cvm]ly dist]ibutcd  bctwcc])  Srl’l)  =- 0.05 and 0.5 silni]a]  to tlIc

spin  -jnodc A(~l UM 1 dat,a.  l~ig. 4C Iw]JJcscmts  the dist~il.)ut,ioll  ol” tllc  quiet-Sull 111{11 va]ucs  (for

tl~c sal)]c t,ililc  illtcrval a s  clioosc[]  for tllc A~,lll M 1 daia).  Altl IO IIF;l I IIigllcr irradial]cc  valIlcs

rcprcsc IIt ]I)axi]]]u]ll ac t iv i ty  cmlditio]ls  si]l-]ilar  to tlI(; ACI(IIP[  I obscnmticms,  (,1 Ic G a u s s i a n

distributiml,  that  was  clcar]y  seen  ill tllc case of tllc  ]Io]IIial  ll)od(! of ACIUM  1 data, is ]loi

mcogllizcd  i]) tl)c  l’~1111  data hccausc  of I,llcir largcl’  u])( crt, aillty. ‘1’11(> IIlcall  S’1’1) values for l.)ot])

tl)c  1’;1{11 and ACIHM 1 total ilvadiancc  durilig  tllc  quiet- a.~i(l active SUII conditiol\s  arc l is ted

ill ‘J’al)lc  1 . ‘]’able I also c.ol~taills  tllc  maxillluln,  IIlillillmlll aII(l llIcaII quic(-  aIId ac t ive -Su l l

8



—.
data

. — .
AClilM 1

all
S])i  T1-l I)Od C

llOI’1l”l:ll-ll  ”)()[](”

a c t i v e  SUII

q u i d  S i l l )

Ni]])lM]s

all

ac. tfivc SUII

quiet  SUI)

—.
]ni]l iuad—.—.—— —.

13(;4.479

13[i4.479

1365.219

13(;5.219

1366.290

1368.57

1368.57

1370.(;’7—.—.  ——. —— __= :

-———.——
mm irlad

-——

1 369.70{)
1369..526

1 W.709

1369.709

1367.672

1374.88

1374.88

137’2.11.——-——

—-——-—
II”)(; all irrad— - .  —

1367./)ol
1367.”/30

1367:;87

1367.577

1367.075—-—

1372,07

1372,20

1371.47—-—..—-—

IllCall s’]’])
— .  -.——

0.047
0.104

o.o J 8

0.024

0 . 0 0 0

O.l(i

0.16

0.1.5——. ..— —

III)  ])oillk

3052
1018

2034

12(;2

771

4515

37’23
792

NillllJus-7/ltll13  irradia]lcc  v a l u e s  am ]istcd  iogctllm  ~rith tllc  II)call  stzuldard  dcviat,ioll  a n d

l)ult]ljcr  o f  data ])oillts  fol tllc w’llo]c  obscrvi]lg  tlilnc ;Iltcrwals a s  Iv[:ll  as fo] t,l Ie quit+ a n d

actliveSllll ]miods.

,11 as tl]cllull]bcrof  tlit:cc)ll(:sl)olldillg  (Iatla  ])oillts.irradiallcc va]ucs  a s  w(,

3.2 Study  of the monthly dispersion ofthc data

Sillcc wc arc csjmcia lly i]ll,crcstcd  i]] the loIIg-i,cIIt  I irradiancc valial)i]ity  aTId it,s Iclatiol)  10 solar

lnag]lctic  a c t i v i t y ,  ally cllallg;cs  sllo]tcr  tlla]] the solar  lotatiol)al  jmiod ]iavc hcc]l cor]sidmxl

as “1 I oi se)’ al]d mIIovcd  fro]l]  tl)c  d a t a  b y  calculatll)g  III OIItl Ily av(:ragcs  In a silnilar  w a y  a s

])ul)lisll(x]  l)y lk:lacl)c  aIId Vigouroux  (1993 ,  1994) .  ‘1’llis  ullccltjailltly  of {II(> ]I]o]lthly  avmagcs,

called dis]m’siol~  (1)1 S1)), is calculated fmln tllc  c,ormsjwndillg  (Iai]y values:

.-. —-— —

111,5’1’ ~~ I >;(l), - D)2_ .- —— __ _
71 -- 1

WIICM: Di ]C])IXX+C]ILS  t,llc  daily data wit,hil) 30 days a]ld 1) Ll)cir 30 cl:)~w II]eall.

Accmdillg  to tllc dcfil)itioll  of t,llc dis]mrsioll, i t s  v a l u e  rc])rcs(’llts  t,llc  113011tl  Ily v a r i a b i l i t y

o f  t)llc data. 111 tlllc  c a l c u l a t i o n  o f  tlIc  wavclct  tlansforl[ls  of {,11(:  illvcstig;akx]  t,illlc s e r i e s ,  t,llcsc

dis])(vsioll  v a l u e s  w i l l  1)(: tlr(xdd  as IIoisc  ilI  a  silnilal  w a y  as illtrodllccd  b y  \7igouroux  a n d

l)dacllc  (1993,  1994). ‘J’llc  dispcmiml  v a l u e s  v e r s u s  tl]c nlolltlllj  total irradiallcc  avmagcs am

plott,cd  ill IJig. 5> Wllm! tllc quit! c-sul] Va]ucs arc l’cpl(%cllt(!d  ]Jj’ (:l”osscs  and tllc a c t i v e - S u l l

values by dots. Note t,llai o]]ly tl]c  ACIUM  1 data IIavc Ixc]i  ([s(’d ill tlIc discussions to follow
Sill(x!  thCy  ])1’OVi&!  ;1 11101’C  M:CL1l’atC  lIIG%SIII’C  O f t}Ic total solaI cl Icrgy flux tllall t,l)c  Nill)l)us-



. . .

-+
. . . . .

2$’-4--” +. +.
.: -t+ “ +

+
~~L—.-––L-. — - —  —.[.. J . -
1 3 6 6 1 3 6 7 1368

—--- --

—.

.-

—.. .

w/m=

1{’ig~lrc  5: ‘1’hc  dispcrsiol]  va lues  agaillts the moIIthly  IIKWIS of 1 lIC ACIUM 1 total irradial]cc.

‘J’ltc  cJosscs  rc])rcsmtt  IJIIC II]il]in]uln d sold]  cyc]c 21, wlJcmas  ilIc dots rcfclr  to solar II IaxilIIul Il

ilctivjtl.y  j]) 1 9 8 0  al]d I)llc  i]l(mmsi]lg solar activity  col]dilimis  fmll] oct)o}m 1{]86 to ~ullc  ] !Ng.

7/1’H{ll  ilradiallc.c values. ‘J’hc dispmsiml  values wcm  also ca lcu la ted  for the s])i]l-ll]odc clata
si]lcc t]Ic IIlo IIt,l Ily av(xa,gcs smootlI  ou~ the ]argc  alai] y {1 (Ictuatiol]s  })illt]y arising  fI’OJI”l ]ncasuril]g

I]llcclt,ailltics.  A s  call bc scc]t, tlic disjmsion  \~i]lt]~s  arc IIigllcr durjllg  ac.tivc-Sull  collclitions,

sil)lilar  to tllc s~.i]tt~]  ]Jlot  diagra]lls  of t,l]c S’1’1) and  A(’lilh4 1 dilily irradiallcc  values 1)1’cs(HItcd

in IJig. ” h aIId l“ig. ” k. Since i]) tl]is case-the ‘(CJmr”, tlIc  calculated dis}msion,  l]]calts rc”al solar

varial~ility,  t,l)is  cw]]fi]]ns  that the higllcr  standard  dcvjiltjoll  of tlic A(;  l/l M 1 datil  duril~g l~igllcr

solar act,ivjty  is  mlatcd II~om to  solar  cfrccts  tl]a]]  to j]lstl’ull](.’])ti]l  l]]lccltz~i]]tjos,  Altllougll  t,llc

mosses,  rcprcsclltillg  solar I nillimulll  activity  values, aIc co]lcc]lttatcd  around  tll{!  1367 lV/m2

]I]illir]iulli  irradial]cc  VillllCt tlte diflcrc]lcc  bdwccll  t}]ci]  ]Ilaxi]]]ll]]l  a]ld IIlillilnulll  Vill  UfX  CXCWXIS

0.5 14//7722  (Ilotc  that  tllc full range of t}lc obscrvccl  solar  cyc]c vill’iabil  iiy in tllc nlO]Itll  Il y averages

of A(;IUM total  inadiallc. c is about  1.8 W/m2). ‘1’llis  i]ldicatcs IIIat  tlI(! solar mi])ilnum  for total

irradial]cc  IIlily not bc corrcctl  y ddmrminccl  froln  a sil  I lplc st, u(ly of t)l IC surface ]]]allifcstatiolls

o f  solar ]na~]lctic idivity. ‘j)o further cxalnil]c  tile (Iha]lgc ol lIII(! dispersion over  tlhc solar

diagra.ll)s  l)i]v{’  I)(x:II l)lot,tcd 011 a y ea r l y  I)asjs (l~jg,  6). As cal I 1)(~ S(XHI  froIIl l“ig. 6, t}Imc is al]

ol)vjous pattcrll  i]~ tl)c  ACI{IM  1  clis]msio]l  diagra]]ls  aI~d this  j)i]tt~~]l  c.ha]lgcs a s  a  function

of tllc Solal’  Cycle. 1  )uri]lg  solal.  ] IIi]lil]]um  tllc disp(mi(nl  vallIcs l’orlIl  a COIICCIItlI;if(!Cl cluster o f

da ta ,  tlllis  f(:iltll~(!  is tl~c II]ost ])]onouncd  (Iuli]lg  1 {18(i.  It is ill{ cmstillg to ]Iotc tha t  towards

lllaximulll activity conditiol]s  t)llis c.lustfcr  is less al[d less coll)j)n’sscd  and tl)c  variability  wjtllin

t}l(’ Clll  StC1’ SIIOWS  .? lill’/,Cl’ ~all~C }.) CtWC(lIl  O.!) iilld 1 . 4  kV/?’Tly . IIas(xl o]! tl)c  dcfillitioll  o f  tile



dislmxiwt,  tlll(:  varjatiol)  Witl)ill a ])ill’ti CUlill’  clustm  is l$elatcxl  to tllc sliolt-tclln  Cllallgcs  duc to

tllc cffcc.t of active mgimls,  wllcmas  tl)c  chmgc  d the IJt]sitioll  of dis]msiol)  c lusters over  years

rc])rcscHIls {,1 Ic solar cyc l e  variat,ioll  iII total irra(iia]]cco ‘1’hcIcforc, stIIdy of tlIc slIa]x! alicl r a t e

of colll])lx:ssioll  of tlllc  dis])(!rsioll  clllstcrl-i  l~lay pmvidc al I additlio}lal aIId useful tool t,o CSti II IatlC

aIICl lmxlictl  tjl IC ti]]lc o f  ]I]axil]]ulll  mcl millilmlll  so]a] activilj’  co]lditimls fo] solar total and

11 V jrradiallccs as W C]] as for additim]a] so]ar  parall mlms.

‘1’l)c dislmxioll  values have also I)ccll calculated foI tl]c h’lg c/w, 1’S1 and  IIlagllctic  flux
va]~lc~~ ill o~{]cl to ])lovj~]c  all ~~~o] l)a~ fol (,]IC!SC da,ta,  sil  ICC  ]Io st, al IdtL1’(1 dcvjatiol]s am availab]c

for lllcir  dail~T v a l u e s  (cit,llm ljccallsc tllcy  are ]lotj  pul)lisllc(] or I)cc.allsc  thcm am o n l y  1 - 2

Ol)scl’vat’io]ls  ])(:1’ day) . IIcsidcs  pmvi(liIlg  am bam for tlllc wavc]ct  a n a l y s i s ,  tl)c  dispcrsioll

diagrallls  l)avc also bcc]l c!xalnillcd to cla~if~~ w}tct?tcr  tltc  clusler stll]ctum  foul]d jll tllc case of

tllc A(;lll M data is a gc])cral  ])attcrll  for otl]cr  solar  ill(liccs. ‘1’0 dimtly  compare  tllc tclnporal

valiatiol]  of total  solar and lJV jrradiancm,  t,llc cfr(!ct  oi sunspot,  s Ilas }XXII  mnovcd fmm total

i]radiallcc  l)y II ICaIIS of tllc l)S1 fullctioll. ‘1’hc t,illw smics  of total irradiallcc  com:ctcd for sunspot

darkcllillg  (SC =. AC1{l M 1 + l)S]), t,l}c Mg c/w’ ratio, l)S1 a]l(l tlIc full disk ]Ilagllctic  f lux arc

prcscIIt,cd ill l“ig. 7(a)  to (d).  It, is illtcmstillg  to l]otc  that  wllilc  (}IC ]~]dxirml]l[  activity  lcvc]  for

IJV irradial)cc is all]loslj  identical  dulillg  solar  cycles 21 al)d 22, IIIC stmlgt]l of tllc  IIlagllctic  flux

is Inucli }Iigllcr  during tl)c  lnaxilrlulll  of cycle 2’2 tlIaII  {Illrillg cycle 2 1 . All additjo]lal  diflcmncc

is ol)vious  frorl i t?icsc tilnc series: tl]c  lJ\~ irradia~lcc  r(mcllcs ll]axi~))u~l] act ivi ty valu(!s  Ix:forc

tllc IIlagllctlic flux dlllillg bot]l  solar cyc]cs. 111 addition, botll~ ll\l al]d total  irradiallcc  cxmmtcd

for Slllls})otj  dalkcllillg  stall  to list  ])rior  to Lllc IImgllctic  flux at tlic t)cgillllillg  of tlIc ascc]ldi]lg

I)lIascJ of solar c.yclc  22, as IIas a lready I)cxm  ])oillkd  out, by l)a])  (t al. (1 995).

‘1’llc yea r ly  dislmsioll  diagrall)s  of tllc Mg c/w’ rat io fro]]] 1979 to  1994 arc ]Jmsclltxd  ill

l“igs. 8 a]]d 9. As call lx: SCCJI,  tl]c  dispcwioli  of the Mp; c/w clafa also  forll~s  a cluster shuct,urc,

silllilar t o  total irracliallcc. It i s  il)tclcsting  to IIotjc  t IIat l>ctivt’ell 1979 and 1981 t h e  sha]m

o f  1,1 ICSC clustcm  is all) )ost vcrtica] WICI the dat  a points  fluctuat  c arou]ld  0.28. ‘J’llis  stmctum

dc]no])st]at,m tl)at t])c Mg c/w l]ad about a 3-year-lollg flat IIlaxilllull] variability during  solar

cycle 21. ‘1’l)c dis])cmioll  clustlm s~artcd  to lnovc  tlowar(]  lowm Nlg c/w values ill 1982, alihougll

tlllc  ex(cIIdcd  slla]m of tllc  clustcJ  il]dicatcs Ihal tl]c sllort-tcrltt  l’ariahi]ity  still  was sigl)ificallt

at tllc I)cgillllillg  of tl)c  dcclillil]g  ])llasc of solar cyc]c 21. ‘J’11(  dis])(~rsioll  clusters had bccolnc

11101’(: {“olllplwsscd  by 1984, IIowcvcr  tllcsc C]ustlcl’s  Wcl”c IIcvcl’  as COIII])I’CSSCC 1 as the o]les for total

irradiallcc  duriJlg  Inijlinmlll  actjvil,.y  coj]d itions. ‘J’l)is  f(:ature  indicates that tllc sllort-tmll  lJ\~
Val.jal)j]ity is sj~lljficallt,]y ]lj@lcl [i~l~jl)~ IIlillillllll]l  activity  coll(lil  ion t]lall is tllc  total solar  flUX.

‘J’lICSC dis])crsion  diagralns  ])lacc Ll)c lninilmm tilllc of IJV irradiallcc  ill 1985 and  1986, and a s

call IX sccll I’mll]  l“ig. IS, a slight  illcmase in tfhc Mg (/w stalhxl  ill J 9 8 7 .  ‘1’l]c pat,tclll  ill t,llc

dispcn+o]l  diagrallls  for 1989 to 1991 (see IPig. 9) was vmy  sill  li]al  to that  of t)}lc  II]axilnuln  of

cycle  21, (lclllollstll~itillg tl]at tllc two  IIlaxirrla  of solat cycles 21 alfd 22 weJc  allnost  i d e n t i c a l

ill tllc  case of tl)c  UV flux. ‘J’IIc dispersion  diagra~u  f(m 1992 s n o w s  that a suddc~] clccmasc  ill

the [IV illadiallcc  occurred  during  t)llis period mid tlh(’ alll})litlldc  of this clcxxcasc  was as la]gc
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I

as that of tllc okmvcd  dcclillc  bctwccnl Ctwlmy  1982 WICI tlllc c]I(l  of 1983. ‘J’llis  suddc]l  dccmasc

of UV ilradiallcx:  lla~)lm)cd  bctwccn l~cl)mary  atld Ju]if of 1992 (YL:llitc  et al., 1994) alld w a s

callscd  l)y tllc CIisa})])f;;il:lllc(:  of Ll)c lnagllctic  activity ill tllc  solltllcrl]  solar  l)cIIIispllcrc  (Ilarvcy,

1994 ). It is illtcrcstillg  to note that IIIC stmctu]c  of the [Iisp(!mioll  diagra~n  of the Mg c/w ratio
clulillg  1994 is vmy  sin)ilar to tl)c  dispersion  diagraln  for 1 9 8 5 - 1 9 8 6  illdicatil]g  that  the lJV

irradiallcc  IIIay  lIavc a l r e a d y  rcacl  Icd tllc IIlillilllllln  act ivi ty  conditions  of solar  cycle 22 or its

value!  is vmy  c]osc to Ijllc II]il]illnll  n value  olxwnd  duri IIg solar cycle 21. 1 lowcvm,  it Inust bc

k e p t  ill l~lilld  that this ]Jmliction  is basccl  011 studyi]lg  a data set covcrillg  mlly OIIC and a half
solar cyc.lcs.  (k)llsidcrillg  t,l]ai  t}]c varial)ility ill solar  UV (al)d total)  irradiancc lnay  bc difl’cm]lt,

fmn O])C cycle tm allothcr OIIC, fu]tl)cr siudics  of so]al  imadiallcc t il l)c mics covering scvmal

solar cycles am mquircd t,o develop a statistical] y sigllificalltl  ] twtllod  for ])rcdictil)g  accurately

tllc maxillmlll  and lninillmm  activity col]dit,jolls.

TVc IIotc tliat sill]ilar  clustcIs  have bcmt found  ill tl)c  rest of tll)c  illvcstigatccl  data, il)dicaiing

that  tllc disp(!miol] diagrallls  p]ovidc  a IIelpful t oo l  ill s t u d y i n g  lo]t~-tmil  cllallgcs  ill various

solar activity illdiccs. II) tllc discussion] to follow wc will coIIc(:IItrd(: oIIly 011 tllc siructum

o f  tlIC  dis}xmion  diagya.lns du~il)g IIlinill]ulll a c t i v i t y  t:ondiliol)s  ill ordcl to Imttcr cstlilnatc

tl]c  II)illilnulll  Lilllc  of solaL t o t a l  aIId  lJV irradiallccs  and tlI( II Icasu  Im of tllc solar  lnagnctic

a c t i v i t y .  l~ig. 10 SI]OWS  t}ic  clispcrsioll  diagralns  for tl]c ACILI M 1 total irradia~lcc  (a), Sc (b),

hlg c/w (c), 1’S1 (d),  and  tlI(:  IIlag]lctic  flux (c). ‘1111(  do t s  rcj)rcs(mi da ta  for 1 {)84,  crossm

for 1 9 8 5 ,  dialllollds  for 1986, al~d sows  fo] 1987. A s  tlIc distlibutiou  o f  tJIc  dots (data for

1 9 S 4 )  SIIOWS  ill l~ig. 10, part of 1984 Lmlo]lgcd  to tlic  dcclillillg  lmtliol)  of solar  cycle 21. ‘J’lic

Lcgillllillg  of tlIc II)illilnmn  of solzu cycle 21 l)as lmm dctmnillcd  fol each data set by stuclying

tllc dist)Libutioll of illc dots 011 a lnonth]y  basis. ‘JIIIC clldillg  dale of solar  Il)illillmnl  IIas lxml

dctcrlnillcd  ill a similal’ fashion: tltc  distributiml  of slam (ml)rmclltill~ data points  for 1 987)

ll~adc  it l)ossil)lc to dckr]l]i]]c  wJIctl  Icr thesc data bcloIIgccl to tlIc CIIISLCI of nlinimllln ac t iv i ty
Va,] ll~:s. ‘J’l]c cstilllatcd  solar mini]llull]  iIItcIvals  (bcginlli]]g  aII(l c]ldi]lg dates) aTId tlIc ]c]]gth of

tlIc  IIlillilllulll  of solar cycle 2 1  for solar  Ioi)al  and UV irradiallccs as wc 11 as for the lnagIlctic.

surrogatxw  arc lislxd  ill ‘J’al)lc  2. ‘1’}lcsc resul ts  give all additio]lal  cvidmlcc  tliat  solar  il]diccs

m})msclltillg  stmtg  IIlag]]ct,icficld,  SUCII as tllcful]  disk Inag}lctic flux and l)S1, mat]]  IIlil)imuln

a c t i v i t y  cmidit,iolls  a fcw lllol)tlls  bcfom solar  irradian(cs  and  l~otll  total  alicl  lJV imadia,l]ccs

start  t,o rise })rior to tile l]lagllctic  fll]x ail tllc  bcgillui]l?, of solaI  c.yc]c ’22 (I)a]) ct al., 1995).

l“igs. II (a)- (c)  sl)owtllodisl)clsiol]  (liaglall~s~)ftll(A(;lilL4  I (a), Sc(l>), Mg c/w ( c ) , 1 ’ S ]

(d), a,,d tl,c ,I]ag,lctic  flux (c), illc]udi,)g  both quiet- a]]d actiw- Su,, va]ucs.  ‘1’hc CIOSSCS  o,, cacl)

])lot rcl)msclit tllc IIlillill)uln  ac t iv i ty  colldit,io~ls  for Ll]( tilnc illtcllals  sllowll  ill ‘1 ’ab le  11 and

t,llc  dots  illdicatc  Lllc act,iveSull  I’alucs illcluclillg  data fol IIlaxilllulll  solar  ac~ivity  condit,jons

a s  W C]]  as for  t]lc  dcclillc  and rise  of solar  cyc]cs  21  and  2 2 .  N o t e  t,llat, t]~c illvcstjgat,cd  tilnc

series COV(:] di[~clcllt  I,ill)c  intervals  mid this C1OM lIot allow a d(iailcd  analysis of tile dispmsioll

diagralns for Illaxil]lulll  solar activity. ‘J’llis  iscsl)(~c.iall~’  tl’llcfO1to{zll solalir  rzl(liall(:c,f(  ~rwllicll
tlIcM:amIIo IIigh ~)mcisio]l  obsmvations  [:()v[>lillg~  ll(>wll  ()l(:till lcilltclval[)ft  llelllaxilI-)tlof  solar
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‘1’ill}c  S(!l’;cs—— .
A(;lllh4  1

A(~lll  M 1 -{- 1’S1

1’s1

hlg  C / W

hlagll.  fic]d
-—:=

.—— -—————.-—— .—— —.—.
IIcgi]]]]ing  of Mi]]inmm-——— -—— —.— .

.Iamlal’y 1985

Ja]luary  1985

August [984

.Janual.y  1985

August  1984. — —. — .

—. — .—— _. ._—.—- —
l:JTld  of Millil]luln—.

August, 1987”----

Marcl)  1987

OCtolwl’ 198’7

Marc]l 1!)87

I) CCCII)I)C1’ 1987— — .—. —— .. —-.. — .— .—. -—

l,CI)E(II1

32 II”lol)ths

27 IIlolitlls

39 1110111,11s

27 lllOllt}l  S

41 IIl(x)tlls

‘1’a})lc!  2: ‘1’llc I)cgillning  ancl clldillg  dates of’mil~ilmllll  so]a]  ac t iv i ty  conditions  dulillg  so l a r

c.yc]c 21 fol’ t)l]c  illvcstigatcd  tinlc smics. ‘1’hcsc  dates }vc](:cstilil:It(’cl  frolll analyzing  tllc tilnc

sC:lics;  lsw'(:lla  sfl>()llltl  lc(lisJJclsioll(  liaglzillls]>lcs  cllil(:(li1l  l“ig. 10. ‘I’llc:  lc:ligt]l  oftl]ct!stil]latccl

solaI ll)iliiTnl[Iit  is also giv~!~i ill Illor)tll]s.

Cycles 21 and 22.

As CaII lx: SCCII frOIII l~igs. n(a)-(c), tjl](~I  clatiol]bc  !t\i'ccl~tl  l(~(lis]J(:lsioll,  “tllcc:rlf)ll}al’’,all(l

t,]~(:l)]()Ill]  l]yz~vcl'ap;cso  ft]l(:( ]a.lztisq uitcdif  fcl`[!litfc)  ls(j]al`I~li  Iiil])tl??lall(]  active-sul] ccmdiiiol!s.

III tllc c a s e  of solar imadial)cc (both  bolol~l[!tr;c at]d tllc  U\/ [Iux) a s  w e l l  a s  tllc lnaglIctic

flux da ta ,  tllc ]I)i]lilm]ln v a l u e s  arc COIICCI]tIatlCd  alo]lg al]]lostl  a vcrticdl  lillc indicating  t)llc

flll(:tLlt~ti{)l  lsoftllcs[:(latla  a r o u n d  tllcirlI)call  altllciilil(!ofs(Jl;ll  Illillillluln.  III cxultlast,  in tllc

case of t(llc l)S1 fllllctioll  t,llc mgrcssion  lillcs for Imth  quiet- and  acijiv(:-,  Sutl conditions coltvcr’gc

fowal’ds z(’M} bccausc t]lc  va]uc  of l)S1 is a]wa~rs mm ill t]lc alJsclkcc of suTIspots, illdcpclldcnt

of t,})c ])llasc of the solar ac.tiv; iy cycle. Al)otll(:]  illtcrcstillg  fcai~lrc  caI~ bc mcogllizcd  in t,}lcse

dispmsioll  (litlgl:~llls,l  )alllclyt,llcs  cattclofi  llc(lat,aisJ[l  llc.}ll;]lg  clf(~llli  gll~:1(latavalucs.  ‘1’llis

ariscsfrol])  tlllclaqyv’  var;al);ljtyill  tJllc(]alJa(  llllillgso  lallllaxillllllll  ducto  tlllccllallgcs  wt act;vc

Iwg;oll  till]c  scales. ‘I’liis  f~:titlll(~is  ~r)c)stc)  }>>’iollsill  tlJc(:as(:oftl](h4g{/]~. ‘J’llc  distlibutioll  of

the maxil]ml]l  values of tl)c  Mg c/w ratio is mlatcd to t hc several ycam  loIIg maxilllulll  activity

of Lot,ll solar cycles 21 al)d 22, as IIas already I)cc]l seen ;II l~ig. 6 .  ‘I’ll(;sf:  l~:s~lltsi  l](licatctj}lat}

tllc Clml’  I)al$s t a l c .u la tcd  floln  tjhc IIlo])t)l)ly  alcragcs  () f t!llc data (Icp(’]ld  011 f}lc ])hasc  of tllc

solar cycle and this fact, has  to bc taken into accol(nf  w}IcIt tlI(* s;gllifical)t  c.oln])oncllts  of tll]c

IJouricr iil)diol’  WilVCICt tlrallsforll)s  a b o v e  tllc ]Iois(!  IIvcl  alx [illclllatcd  fl’olll  tjll(! tin]c sc~ics.

Ap])licatio]l  of tllc r(!sults  disc.usscd ill t h i s  ])apcr to the wavclct  analysis wi l l  I)c pmsclltcd

in tllc scco]ld  part of our papcl.  and this a n a l y s i s  w i l l  lcacl to a lmttm undclstalldillg  c)f t h e

discm])allc.;  cs follll(]  lxiwccll ol)smvcd  and IIlodcllcd  ilradiilllc(!  va]ucs.

4 Conclusions

Altlloug]l  mlsidclahlc  illfor~natioll  exists on solar  ilradia~lcc  valial);ljty, the ulldcrlyillg  pllysic.al

]nwccsscs  am not, WC1l ulIclc]stood.  It$ IIas IIot yci l)CCII  clarif ied wll(:tllcr  tllc ]csidua]  variatio]ls
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IPiglllc 1 I: l)ispcrsicnl  diagral]ls for AClll M 1 (a), Sc (l)), Mp, c/w ratio (c), 1’S1 (d) and the

ful] d i sk  ]naglldic f l u x  (c) I(’oI CadI  f i g u r e  t h e  cloud  Of (  ross cOIrcjwIIds  to tlIc ]Ili]li]]]uln d the

cydc 21, as dc:[i]]cxl ill ‘1’ab]c 11, tllc  cloud  of points  cm] cspo]lds  {0 t l]c active pllasc  of’ tllc Sun.



ill total  and UV irradiallccs  ;iftm  I clnoving;  tlic dkct of sul  Ispots and l)riglit  IIlaglidic  f e a t u r e s

(SCC l)ap aI)d I“rolIlicll, 1 992) arc m]atcd  to r[!al solar cfli:cts 0] tlt(:y alc siln]>ly  dctmni}lcd  by

a  IIoisc co]ll]mnclltl ill tllc  data. IIt tl)is ]m]m wc ltaw a])]~lic(l  a llcw IIIctlIod, followi]lg  t h e

origilia]  idea of Vigoumux  a]ld lh’lacl Ic (1 994), 10 cvalu:ltc  aIId II IIdeIStaIId ilIc  ul]ccrtailltics  ill

solar  irradial)cc  (lx)tJI  l)olo]]]ctrjc  aIId IJV ~lux) and magne t i c  act, ivity  illdjccs,  SUCII as the l)S1

ful]ctiol]  atlcl  tllc full disk ]Ilagllctic  flux. It has hccli  S1)OWTI1 that il]vcstigatiolls  of the scatter })]ot

djagrallls  bctwccII dtiily so]ar  irradimcc  ]IIC:asllI.cIIle]Its  and  tllcir stall  dawl dcviat)io]ls pmvid~!

aTI illllx)rtant  tool  to sc]matlc  tlic ral Idom fluctl]atio]ls  I clatlcd  to illst lulllmltal cflcc.ts  froln  mal

solar variatim]s.

111 oldcl’ to ]Jmvidc  clrol bars for the }vavclct analysis, to lW dcscrilm]  ill tllc  second partl of

this ]mpcr, tllc sllol’t-tcnn  valia.tio]ls  wcm  Tmnm’ed fm]]l tlIc data I)y crcatlilig  ]IIoIItlIly  averages.

‘1’llc distrihutio]l  of t)llis  “solar  l~oisc” h a s  lE(JII stfudicd ill dcf ai l  i?) Illlis pa]m. It h a s  l)cc~ll

(Iclllollstl’?lt(’(1  tllai tllc dislmsioll  diagranls c<)lit,ail)  i)l}])oltallt  i]lf(~]’]lliltio]l  al~OUt tll C 10llg-

tcrrn c}lallgcs ill various  solar ac t iv i ty  il~diccs. A  c]ustcr stmctlllc  of tllcsc  diagyallls  IIas l~cc])

discovcmd and i t  is  s})owlJ that  t i l e  shapo and  t,lic ct)lll])mssiol I o f  tll)csc  clustcm cllangc  as

a fullctlioll o f  tllc solar  cyc,lc. ‘1’llcsc  invcstligatiolls  call pmvid(  all illq}ortallt  licw tccllliicluc

in pmdic.till~  tllc time lmllavior  of’ solar  activity illdicxs  and cst ilnati]lg  tiIc occurrence d tlIc

]Ilaximun]  al)d ]r~i]lilnuln  d solar cyc]c.  our msu]ts  confirlll  tl]?it  tllc  lcl}gtll  of tllic sola]  ]I]ini]]luln

i s  diflcrcllt,  for solar total  and  ll\7  irradiallc.cs  iIJId tlIc Incasurcs  of solar  lllag}lctic  a c t i v i t y  and

that  tllcm is a pllasc  shift Ix:twcw) tllc changes ili Lllc solal IIlagllci,ic  flux aIId solar irradia?]cc

at tllc bcgillllillg  and Ill)c  c])d of solar  ll]illjmul[)  as was found  1~)’ l)a]) et al .  (1995).

11) tll(’  S(xx)lld  ]ml”t of 0[11’ l)a])(’1”, w c  will cxalnil)c tl)(:  val’ialiolw ill solar  inadiallcc  al)d nlca-
sufws of tl]c  solaI lnagl)ctjc  activjty  Wjtl] a wavclct  Lccllniquc.  llsillp;  tllc  cl]or bars dctcrlllillcd

fro))] lllc s tat is t ical  ])m~x)ltics  of tl]c  data in t,l)c curjcllt allal~sis, w c  will illvcrt,  tjllc wavclct

t~al lsfol’ i l ls  {I]121tI ~o]]~aill  ~llly ~hc si~llifi(%ll~  so]a~  COIll])OIIClltS  ill 01’(](3” tO bCtkl’  UlidC]’S~Zil)d  t,llC!

mlatioll lX4rWCClI sol:ir IIlagilctic  activity and illadiallcc  variiil~i  1 it y.

A Ck)107111(:{/{)(:  ?ll cn h: ‘1’hc mscamh dcscri}ml  in this ])a]m was m rricd  out by t]]c Jet l’mpul-

sioll laboratory, Cali  for]lia  ll~st,  itutc of ‘l’ccll]lologty  uIidcI  a coJtI  li(~t wit]) tltc National AcMJIIau-

tics and SIMC.C A(l~l~illistJatioll (J. M. l)alj)  a~ld by the laboratoim  (~assillj,  assoc.id au C. N.l{. S.
(lJ.li.A. 1362) o f  tl}c  obscnmtoir(!  dc l a  Cotc d’AzuI  ( A .  Vigolimux).  ‘1’llc SMhJ/ACIUhl  1

data I]scd ill this study have lxx:]] ]) Ioduccd  by the Active Cavity liadiollwtcr  lnacliallcc  Mo]I -

jtoril]g (;JX)UI)  at] .11’1,. ‘J’hc Nill]l>~ls-7/lJllll  d a t a  WCI(:  ki]ldly  ]Jmvidcd  b y  l)r. 1). lloyt.  ‘1’IIc

N O A A / $ )  hlg c/w ratio  have bccm pmccssccl  at NOA A/ Sltl, al~d were proviclcd  by J,. l’uga

for this al]alysis. ‘1’lle NS()/l{itt  l’cak  IIlagllctic  data used l]mc ~ilc ])mduccd  coolmativc]y  by

NSII’/NOA(),  NASA/G Sl’(;  aIIcl  NOAA/Sl;l, al)d l)mvidcd  l)y (ol]rtcsy  of 1)]. J .  IIalvcy. ‘J’IIc

u s e f u l  comlIK:IIts of 1)1s. ll.lp.  l)orll)clly,  1’;. Fossat  all(l  IJ. ]Juga ale IIigllly  ap])mciatcd.
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